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About a dozen field RR Lyrae stars have been observed with the 24-inch Heyde-Zeiss telescope of the Konkoly Observa- 
tory at Svabhegy, Budapest, since its refurbishment in 2003. Most of the observing time is allocated for the investigation of 
the Blazhko modulation, a phenomenon that still does not have a satisfactory explanation. The obtained multicolour CCD 
observations are unique in extent. The accuracy of the measurements makes it possible to detect low amplitude modulation 
of the light curve as well. The discovery of Blazhko stars with low modulation amplitudes warns that the incidence rate of 
the Blazhko modulation is, in fact, much larger than it was previously expected. This makes the efforts exploring the cause 
of the modulation even more important. A summary of our measurements and results achieved during the last 3 years is 
presented. 
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1 Introduction 

In this note, our ongoing project of studying Blazhko-mo- 
dulated fundamental mode RR Lyrae (RRab) stars with the 
24-inch Heyde-Zeiss telescope of the Konkoly Observatory 
at Svabhegy, Budapest, is introduced. Our first results on the 
properties of the Blazhko modulation are presented. 

1.1 The Blazhko effect 

The physics of RR Lyrae stars is considered to be well un- 
derstood. RR Lyrae stars play an important role in many 
fields of astrophysics. Besides being important distance in- 
dicators, RR Lyrae stars are also test objects of stellar evolu- 
tion and pulsation models. It is a unique advantage of these 
stars that their fundamental physical parameters can be eas- 
ily determined, si mply from photometric observations of 
their light curves (Jurcsik, 1998; Jurcsik & Kovacsl Il996t 
Kovacs & Walkeril200ll) . Our knowledge on these variables 
is summarized by Smith] dl995l) . 

There are "normal", monoperiodic RRab stars with re- 
markably stable light curves (see Jurcsik et al. 2006b for ex- 
amples) and there are modulated ones. Two types of multi- 
periodic RR Lyrae stars are known: the Blazhko-modula- 
ted and the double-mode RR Lyrae variables (about double- 
mode pulsation, see Dekany 2007, in this issue). The pheno- 
menon of variation in the phase and brightness of the max- 
imum light was discovered by Blazhko (1907, phase mod- 
ulation of RW Dra) and Shapley (1916, amplitude modula- 
tion of RR Lyr) a century ago, and it is called Blazhko effect 



today. This variation shows periodic behaviour on days to 
hundred days time scale. 

As an example for the light curve modulation, the panels 
in Fig.Q~]show the measurements of MW Lyrae[]phased with 
the pulsation and modulation periods, respectively. Three 
different Blazhko phases are highlighted. This variable has 
a particularly strong and stable modulation. 



1.1.1 Photometric investigations 

Utilizing photometric observations the Blazhko effect can 
be studied through O — C data and maximum brightness 
values, or, if the phase coverage of the observations permits, 
by Fourier analysis of the complete light curve. The O — C 
data of the timings of the maximum light or of a specific 
point of the light curve show the periodicity and the strength 
of the phase modulation. The amplitude modulation can be 
studied through the maximum brightness - maximum tim- 
ing data similarly. Plotting the maximum brightness versus 
the maximum timing O—C data, we obtain a diagram show- 
ing a loop which characterizes the modulation of the vari- 
able (see e.g. Fig. 5 in Jurcsik et al. 2006a). The properties 
of the Blazhko modulation of individual stars often change 
with time, either in a quasi-regular or in an irregular way. 

In 2004, at the beginning of our project, there were only 
about a dozen Blazhko stars with extensive photometric ob- 
servations sufficient for studying the Blazhko modulation in 
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1 The observations of MW Lyrae were made in collaboration with H. A. 
Smith, Michigan State University, with the 24-inch Heyde-Zeiss telescope, 
Budapest and with the 60-cm telescope of the MSU Campus Observatory, 
East Lansing, in 2006. 
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One of these theories supposes nonlinear resonant cou- 
pling of the radial mode and a low order nonradial one. Typ- 
ically the azimuthal order of the nonradial mode is 1 and the 

J " 1 

rotational splitting causes the modulation ( Nowa kowski & D ziembowski.j 

2001 ). The problems with this m odel are summarized by 



Dziembowski & Mizerski (2004). 
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Fig. 1 The modulated light curve of MW Lyrae. The up- 
per panel shows the B light curve phased with the pulsation 
period, while the same data are shown versus the Blazhko 
phase in the lower panel. Three different Blazhko phases 
around minimum, maximum, and mean amplitude phases 
are highlighted. 



details. The occurrence rate was estimated to be about 20- 
30% among RRab stars (Szeidl 1988, Alcock et al. 2003, 
Moskalik & Poretti 2003). 

The Blazhko modulation can also be investigated spec- 
troscopically which is a fruitful area of research. The bright- 
est Blazhko star, RR Lyrae itself, is thoroughly studied in 
this way by M. Chadid and her coworkers (Chadid & Chapel-| 
lier 2005, and references therein). 



1.1.2 Theories 

There are 3 different ideas about the physical origin of the 
Blazhko effect, however, none of them explain satisfacto- 
rily all the observed aspects of the century-long known phe- 
nomenon. Two theories involve excitation of nonradial pul- 
sation modes and relate the modulation period to the rota- 
tion of the star. Indirect evidence of the connection between 
the modulation and rotation period s of Blazhko stars has 
been found by ljurcsik et al.1 ( 2005b ) . 



The oblique magnetic rotator model is another possible 
explanation of the Blazhko modulation. This model is ap- 
plied successfully for roAp stars. Here a bipolar magnetic 
field is assumed whose axis inclines to the axis of the rota- 
tion. This field has to be strong enough to distort the radial 
pulsation in such a way that a nonradial mode with hori- 
zontal degree of 2 is excited. As the star rotates our aspect 
angle changes and we observe diff erent light curve shapes 
(Cousens, 1983; Shibahashi, 2000). One argument against 
this Blazhko theory is that it predicts quintuplet structure of 
the Fourier spectrum of the light curve, but this was never 
observed. 

The third theory assumes periodic changes in the struc- 
ture of the convective envelope of the star. The turbulent 
convection in the envelope varies due to a changing mag- 
netic field generated by turbulent or rotational dynamo 
mechanism. The gradual strengthening and weakening of 
the field happens periodically which leads to light curve 
modulation. Th is idea has been put forward very recently by 
Stothers (2006). It is known that turbulent dynamo causes 
cyclic variations in the magnetic field, however, the Blazhko 
modulation usually shows more regular, periodic behaviour, 
which would be difficult to explain with stochastic physical 
processes. 

2 About our project 
2.1 Telescope 

The 24-inch Heyde-Zeiss telescope of the Konkoly Obser- 
vatory at Svabhegy, Budapest, was refurbished and auto- 
mated in 2003. Thanks to the automatisation, the telescope 
can be operated by remote control, with low human resour- 
ces. The telescope is operated by undergraduate and PhD 
students in astronomy. The weather conditions of this site 
make it possible to do observations on about the half of the 
nights. 

Despite the bright sky of Budapest, differential photo- 
metric measurements with standard Johnson and Cousins 
B, V, Rc, and Ic filters are obtained with a typical ac- 
curacy of 0.01 mag for stars between 10th and 14th mag- 
nitudes. Fig. |2] demonstrates the insensitivity of the differ- 
ential photometry to the variation of the sky transparency. 
Even a more than 1 .5 mag dimming in the observed instru- 
mental brightnesses does not affect the differential magni- 
tudes significantly. 

About 80% of the observing time is dedicated to the in- 
vestigation of the Blazhko effect. 

The advantage of this telescope is that without time li- 
mit, we can obtain extended multicolour observations of 
many Blazhko stars with good photometric accuracy. 
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Fig. 2 The power of the differential photometry. Variation 
in the sky transparency causes dimmings in the observed 
instrumental brightness (bottom panel), which do not af- 
fect the differential light curve signifi cantly (top panel). Th e 
plots show observations of V823 Cas (IJurcsik et a l.. 2006c). 
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Fig. 3 Light curve of CZ Lac from the 2004-2005 observ- 
ing season. The upper curve shows the envelope of the max- 
imum brightnesses. The beat effect in this curve is caused 
by the closeness of the modulation periods and their similar 
strength. 



About the telescope and the programs see further details 
at http://www.konkoly.hu/24/ 

2.2 Our survey 

As there were no satisfactory explanation of the modulation 
and because very few Blazhko stars had extensive enough 
photometry, we initiated a survey of brighter (V < 14 mag 
at minimum light), short period (P < 0.5 d), fundamental 
mode RR Lyrae stars of the northern sky in 2004. This sur- 
vey makes it possible to refine the incidence rate of the mod- 
ulation and provides uniquely extended multicolour light 
curves of Blazhko stars to study the details of the Blazhko 
effect. Fig.Q]demonstrates the extensiveness of our observa- 
tions. It shows the B light curve of MW Lyrae which vari- 
able was observed in B, V, and Iq bands. The light curves 
contain more than 3600 measurements of 1 16 nights in each 
band. The data can be divided into 20 parts according to the 
Blazhko phase so that the pulsation cycle is covered in each 
part completely. 

3 First results 
3.1 Weakly modulated stars 



3.2 Multi-periodic modulation 

We have found RR Lyrae stars showing multi-periodic mod- 
ulation. The light curve variation of these stars cannot be 
satisfactorily described with only one modulation period. In 
the case of UZ Ursae Majoris, two ver y different modula - 
tion periods were needed to fit the data (So dor et al. . 2006). 



These periods differ with a factor of more than 5 (26.7 d and 
143 d). The multi-periodic m odulation was suspected ear- 
lier by lLaCluvze et al.l ([2004) in the case of XZ Cyg. Non- 
equidistant triplets have been found in the Fourier spec tra of 



several RRab stars of the MACHO ( Alcock et al., 2003) and 



OGLE (IMoskalik & Pore ttil 120031) databases, which can also] 
be a sign of multi-periodic modulation. These observations, 
however, do not allow a detailed study of the complex mod- 
ulation of these stars. UZ UMa provided the first unambigu- 
ous evidence of the existence of the multi-periodic Blazhko 
modulation. 

CZ Lacertae is another fundamental mode RR Lyrae 
variable which we have found to be modulated and also 
with two periods. Both modulations have similar strength 
so there is no dominant modulation period. Fig. [3] shows 
our observations of this star from the 2004-2005 observing 
season with a two component harmonic curve fitted to the 
maximum brightnesses. It displays a strong beat effect due 
The fir st target of this project was RR Geminorum (IJurcsik et all^ the closeness of the two modulation frequencies. The pe- 
riodic decrease of the modulation amplitude resembles the 
e^sation of the modulation of RR Lyrae in about every 4th 
year (Fig. 6 in Szeidl 1976). In the case of CZ Lac, as a re- 
sult of the interaction of the two close modulation frequency 
components, the strength of the modulation (with about a 
18 d long period) varies with a longer beat period («75 d). 
Maybe the 4-year long cycle of RR Lyrae is also a manifes- 



2005a) and it had beaten two records immediately. RR Gem 



proved to be modulated but with the lowest amplitude (Ay m 
0.09 mag) in maximum brightness variation and with the 
shortest period (P mo d = 7.2 d) known at that t ime. Later we 



have found SS Cancri also to be modulated ( Jurcsi k et al 



2006a) with the even shorter period of 5.3 d and with simi- 



larly low modulation strength. 
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tation of the interaction of two closely spaced modulation 
periods of about 39-41 days. To resolve these peaks in the 
Fourier spectrum, long (more than about 6 years) and con- 
tinuous observations are needed. Though RR Lyrae is the 
most extensively studied Blazhko variable, its frequent and 
irregular pulsation period changes (Szeidl & Kollath 2000) 
render the Fourier spectrum of such a long light curve hard, 
if not impossible, to interpret, and hinder the detection of 
the multiple periodicity of the modulation. The simultane- 
ous existence of different modulation periods of RR Lyrae 
may explain the various reported Blazhko period values (be- 
tween 38.8 d and 42 d) published by different authors (Ta- 
ble 6 in Kolenberg et al. 2006, and references therein). 

The detection of the multi-periodic modulation warns 
that the modulation period is not a unique property of these 
stars. 

4 Conclusion 

In the course of this project, we have observed 12 funda- 
mental mode RR Lyrae stars so far. Three of them were 
supposed to have light curves stable enough to be used for 
the calibration of the formulae which express the physical 
parameters of the variables from the par ameters of the light 
curve s (TZ Aur, SS Cnc, and RR Gem; Jurcsik & Kovacsl 
1996). Eight targets had no detailed photometry previously 
(BH Aur, BK Cas, EZ Cep, SS Cnc, CZ Lac, TW Lyn, 
ET Per, BR Tau, UZ UMa) and two variables were sus- 
pected to be modulated, but the observations were contra- 
dictory (RR Gem: Balazs-Detre 1960, Detre 1970, Jurcsik 
et al. 2005a; MW Lyr: Gessner 1966, Mandel 1970, Sodor 
& Jurcsik 2005). 

Surprisingly, we have found that half of these 12 stars 
are unambiguously modulated. Three Blazhko stars show 
only small amplitude modulation, where the variation in 
maximum brightness is less than 0. 1 mag in V band. The 
other 3 have large amplitude modulation. Furthermore, 3 of 
the 6 Blazhko stars show multi-periodic modulation. 

The existence of the multi-periodic modulation poses a 
great challenge against any theoretical model of the Blazhko 
effect, especially against those which relate the modulation 
period to the rotation of the star. 

The modulation seems to be a more common feature 
of RR Lyrae stars than it was suspected earlier. We have 
found RR Lyrae variables with such a weak modulation that 
was not known earlier. To detect this kind of modulation, 
extended and accurate enough CCD or photoelectric ob- 
servations are needed. The mass photometry projects like 
MACHO, OGLE, ASAS, NSVS and others do not provide 
light curves appropriate for this detection. Accordingly, we 
can state that previous statistics were most probably based 
only on large modulation amplitude variables. It seems that 
the frequency of the modulated stars increases as the ac- 
curacy and the extension of the observations is enhanced. 
Therefore, based on the available data, it is hard to esti- 
mate the real incidence rate of the modulation. Anyway, it 



seems plausible that at least half of the fundamental mode 
RR Lyrae variables are modulated, and it cannot even be ex- 
cluded, that the modulation is a common property of every 
variable of this type and that modulation with only a hun- 
dredth of a magnitude also exists. 

Consequently, we cannot state that we know RR Lyrae 
type variables really well until the puzzle of the Blazhko 
effect is solved. This makes the efforts exploring the cause 
of the modulation even more important. 
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